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A B S T R A C T
Objective: To test whether presenting attribute levels in words or graphics generates different results
with respect to attribute level interpretation, relative importance and participation probabilities.
Methods: Parents of 959 newborns completed a DCE questionnaire that contained two versions of the
same nine choice tasks in which the attribute levels were presented in words or graphics. Five attributes
related to the decision of parents to vaccinate their newborn against rotavirus were included. Mixed-
logit models were conducted to estimate the relative importance of the attribute levels.
Results: Respondents who started with the choice tasks in words produced the most consistent answer
patterns. All respondents signiﬁcantly preferred words to graphics. Part-worth utilities and the relative
importance of the attribute levels differed based on the words and graphics data, resulting in different
probabilities to participate in vaccination.
Conclusions: Words were preferred over graphics, resulted in higher choice consistency, and showed
more valid attribute level estimates. Graphics did not improve respondents’ understanding of the
attribute levels.
Practice implications: Future research on the use of either words or graphics is recommended in order to
establish guidelines on how to develop a valid presentation method for attribute levels in the choice
tasks of a DCE.
 2015 Elsevier Ireland Ltd. All rights reserved.1. Introduction
There is an ongoing discussion about the complexity of choice
tasks in health-related Discrete Choice Experiments (DCEs) and the
extent to which respondents are capable of completing those
choice tasks as intended by researchers [1–4]. At the same time,
there has been an increase in the use of DCEs within the public
health and health care research setting [5,6]. Those DCEs aim to
elicit respondents’ preferences in order to advise on the develop-
ment of preventive programs, medical therapies and/or policy
measures [7–9]. Since DCEs are used for policymaking, the
accuracy and validity of the measured (i.e., stated) preferences* Corresponding author at: National Institute for Public Health and the
Environment, Center for Nutrition, Prevention and Health Services,
PO Box 1 (internal postal code 101), 3720 BA, Bilthoven, The Netherlands.
Tel.: +31 0 302742586; fax: +31 0 302744407.
E-mail address: Jorien.Veldwijk@rivm.nl (J. Veldwijk).
http://dx.doi.org/10.1016/j.pec.2015.06.002
0738-3991/ 2015 Elsevier Ireland Ltd. All rights reserved.is essential. It is therefore vital that respondents understand the
medical and/or health related information that is included, in order
to make accurate choices that reﬂect their true preferences. The
validity of a DCE is at risk if respondents do not fully understand
how to complete the DCE, because they lack understanding of the
attribute levels (i.e., program or health product characteristics
such as the level of vaccine effectiveness) within the DCE.
There is great diversity in the way health information is
translated into attribute levels are how they are explained to
respondents and how choice tasks are presented in DCEs on
prevention or health related topics [6]. Some researchers have
pointed-out that the use of graphics or icons might help to make
choice tasks easier and therefore improve respondents’ under-
standing of the concepts in question [10–12]. Although there is no
empirical evidence within the literature to support this assump-
tion, these suggestions probably stem from the large amount of
research on improving risk communication to enhance shared and
informed decision making as well as self-management [13–23].
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individuals with a lower educational level and/or health literacy
have greater difﬁcultieswith risk and health information displayed
in words or numbers compared to graphics [13,17,24]. This is of
particular importance for DCEs within the public health and health
care setting, because individuals with a low educational level and
health literacy use public health and/or health care interventions
relatively more often [25,26]. Studies investigating the validity of
and preferences for communicating health related information
showed that the use of icons or graphics might be helpful, if
designed properly [13,15,16,18–20,22]. Currently, evidence on the
effectiveness of depicting attribute levels using graphics within a
DCE context is lacking. Pending such evidence, graphics are used
under the assumption that individuals will be able to correctly
decipher the actual numerical information captured in the
graphics, to interpret the information and to reveal their
preferences accordingly.
This study empirically tested whether DCE results with
respect to attribute level interpretation, relative importance
and participation probabilities differ when either words or
graphics are used to present attribute levels in the choice tasks.
Speciﬁcally, it was tested whether those results differ among
respondents with a different educational level and health literacy
status.
[(Fig._1)TD$FIG]Fig. 1. All attributes in levels as described in the questionnaire in words and graphics.
* See references list (53).2. Methods
2.1. Subject of the Discrete Choice Experiment (DCE) and participant
recruitment
A DCE on parental preferences for rotavirus vaccination among
newbornswas used as a case for this study, details and results of this
studyaredescribedelsewhere [27].A randomsampleof2500parents
of newborn babies aged six weeks was selected from a national
vaccination register (Praeventis) to receive the DCE questionnaire
[27]. The Institutional Review Board of the University Medical
Centre Utrecht concluded that formal testing by a medical ethical
committee was not necessary, as parents were only required to
complete an anonymous questionnaire once, which is in accordance
with the guidelines laid down in the Declaration of Helsinki.
2.2. Attributes, levels and choice task presentation
Attributes and levels were identiﬁed based on previously
published literature [28–35], interviews with experts (i.e., a
pediatrician with speciﬁc interest in rotavirus infections and a
scientist with speciﬁc interest in vaccination behavior), and four
group interviews with in total 28 parents of newborns. Five
attributes were selected for this DCE (Fig. 1). A professional
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the qualitative levels, and quantitative levels were depicted as
close as possible to their actual number (Fig. 1). The development
of the graphics was further supported by extensive literature
research [13–24,36], and consultations with an expert on scientiﬁc
communication strategies and icon development.
Before participants were asked to complete the choice tasks,
they received detailed information to enhance understanding of all
attributes and levels as well as an explanation on how to complete
a choice task, illustrated by an example. Also extensive guidance
was provided on the meaning and interpretation of the attribute
levels presented in words and graphics. Every choice task started
with the question: ‘Imagine that a vaccine is available against
rotavirus infections, in which situation would you prefer to
vaccinate your newborn, situation 1 or situation 2? After every
choice task, participants were given the opportunity to state that
they preferred not to vaccinate their child (opt-out).
2.3. Experimental design and pilot testing
NGene1.0 (ChoiceMetrics, 2011) softwarewasused to construct
a D-efﬁcient design [9,37], which optimizes the variance-covari-
ance matrix. The software was instructed to create a design using a
panel mixed-multinomial-logit model, including beta priors from
the pilot study, 250 Halton draws and 500 repetitions. It was
assumed that there would be no interaction between attributes,
while level balance and minimal overlap between attribute levels
were optimized. The ﬁnal design consisted of 18 unique choice
tasks. Ngene divided these 18 choice tasks into two blocks of nine
choice tasks (i.e., block 1 andblock 2), and each blockwas randomly
distributed among half of the study population. A crossover design
was used, so every respondent answered every choice task twice.
All respondents answered the nine choice tasks of either block 1 or
block 2 in words and the same nine choice tasks in graphics.
Whether respondents started with the choice tasks in words or
graphics was randomly assigned.
The draft questionnaire was pilot tested among a subgroup
(N = 48) of our study population to check whether correct wording
was used and whether the target population understood the choice
tasks, with special emphasis on the understanding of the graphics.
The interpretation of the different graphics by respondents was
tested, and multiple graphics were presented allowing the respon-
dents to choose their preferred graphic per attribute (level). Four of
these pilot tests were ‘think aloud’ tests, where a researcher was
presentwhile theparticipantcompleted thequestionnairebyreading
out loudly and sharing all thoughts, ideas and opinions. Finally, the
attribute level estimates that were retrieved from the pilot study
served as priors for the design of the ﬁnal DCE questionnaire.
2.4. Questionnaire
The ﬁrst section of the questionnaire comprised of 30 questions
on demographics, among which educational level and three
validated health literacy questions [38,39]. The second part of
the questionnaire consisted of the actual DCE. Finally, respondents’
level of understanding of the choice tasks in words and graphics,
their preference for either presentation of the choice tasks and
their interpretation of the words and graphics (i.e., either as a
numeric value or as a low-medium-high categorized variable)
were measured.
2.5. Statistical analysis
2.5.1. Consistency of choices
Respondents were marked ‘consistent’ when they chose the
same scenario within an identical choice task in words andgraphics. Differences in the total number of inconsistent answers
between the respondents that ﬁrst answered the choice tasks in
words and those who started with the graphic choice tasks was
analyzed using independent sample t-tests.
2.5.2. Attribute level interpretation
Part-worth utilities for all attribute levels were estimated to
analyze whether respondents interpreted them as an actual
numerical value or on an ordinal scale. For that purpose a dummy
variable representing the highest level of each of the attributeswas
added to the regression model. The difference in part-worth
utilities between level one and two is signiﬁcantly different from
the part-worth utilities between level two and three (and thus
nonlinear), if the dummy variable is signiﬁcant.
2.5.3. Attribute estimates and relative importance
Both panel and generalized mixed logit models were con-
structed to adjust for themultilevel structure of the data, to be able
to correct for preference heterogeneity as well as variability in
individual errors (scale heterogeneity) [40].
All non-linear attributes (i.e., frequency of severe side effects,
protection duration, location and out-of-pocket costs) were
recoded using effects codes [9,41]. In contrast to dummy coding,
effects coding enables one to compare the estimates of all
attributes despite their categorization into non-linear levels,
because the effects are uncorrelated with the intercept. This
coding procedure codes the reference category 1, therefore the
sum of the effect coded attributes is always 0. The coefﬁcient for
the reference category is therefore 1*(beffect code 1 + beffect
code 2).Based on themodel ﬁt tests (AIC, BIC, Log likelihood) it was
tested which model ﬁtted best to the data. Based on the
signiﬁcance level of the standard deviation of the attributes it
was tested what attributes should be included as random
parameters due to signiﬁcant preference heterogeneity and what
distribution should be assumed for those parameters. Based on this
analysis the constant of the model and the out-of-pocket cost
attribute levels were included as random parameters in the model
with normal distributions. The systematic utility component (V),
which describes the measurable utility of a speciﬁc vaccine based
on the attributes that were included in the DCE, was testing using
the following equation:
V ¼ b0i þ b1  vaccine effectivenessþ b2
 severe side effects1 in 100;000 þ b3
 severe side effects1 in 10;000 þ b4  protection3years þ b5
 protection6years þ b6  locationGP þ b7i
 out-of-pocket costss30 þ b8i  out-of-pocket costss140
The b0 represents the alternative speciﬁc constant and b1–b8
are the attribute level estimates that indicate the relative
importance of each attribute level. The utility for the opt-out
option was set to be zero.
Using the above equation three main modelling steps were
undertaken. First, based on the complete dataset, it was tested
whether attribute levels signiﬁcantly differed between the words
and graphics choice tasks. Therefore, a variable that identiﬁed the
use of either words or graphics was included in the model as a
covariate and as an interaction term with the attribute levels.
Second, to test whether the order in which respondents answered
the choice tasks (i.e., words ﬁrst or graphics ﬁrst) inﬂuenced the
outcomes, a variable that identiﬁed the order inwhich respondents
completed the choice tasks was included in the model as a
covariate and as an interaction term with the attribute levels.
Third, separately for the data on the words choice tasks and the
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relative importance was estimated.
2.5.4. Educational level and health literacy
The effects of educational level and health literacy score on
respondents’ opinion concerning the presentation of the attribute
levels, and consistency of choices, was tested using independent
sample t-tests.
2.5.5. Participation probabilities
Separately for the words and the graphics data, the probability
to participate in a vaccination programwas estimated for different
vaccine scenarios based on the results of the generalized mixed
logit regressions of the two datasets. Since random parameters
were included, the probabilities could not be calculated directly
but should take into account the standard deviation of those
attribute level estimates. Therefore, themean probability of 10,000
simulations was estimated by taking the average of all simulated
probabilities given every tested vaccine scenario, which was
calculated as 1/(1 + expv) [7–9]. Intraclass correlationwas used to
measure the level of agreement between the probabilities of every
estimated vaccine scenario based on the two datasets.
3. Results
3.1. Participant characteristics
In total 959 parents (38.4%) returned the questionnaire.
Eighteen questionnaires contained more than 10% missing values.
After excluding these, 941 respondents (37.6%) were included in
the ﬁnal analyses. Respondents were on average 31.2 years of age
and 82.5% of the sample was female. The majority of the
respondents had a high educational level (55.7%), reported high
health literacy scores (83.8%) and was of Dutch ethnicity (91.1%).
3.2. Respondents’ opinion on the use of words versus graphics
Although almost all respondents reported that both the choice
tasks usingwords and using graphics were understood and clear to
them (Table 1), respectively 59.3% and 54.0% of the respondents
perceived the use of words in choice tasks as more clear and easier
to interpret than the use of graphics. Irrespective of the order in
which the choice tasks were presented, respondents reported that
the use of words results in signiﬁcantly more clear and easy choiceTable 1
Respondents’ opinion concerning the attribute level presentation.
Choice tasks in words were. . . Understood
Clear
Choice tasks in graphics were. . .. Understood
Clear
The choice tasks that were most clear used. . . Words
Graphics
No difference
The choice tasks that were most easy used. . . Words
Graphics
No difference
With the word attributes I interpreted the
different levels using. . ...
Actual values
Low-medium-high categoriz
With the graphic attributes I interpreted the
different levels using. . ...
Actual values
Low-medium-high categoriz
* Signiﬁcant difference between respondents who answered word choice tasks ﬁrst
** Signiﬁcant difference between respondents who answered word choice tasks ﬁrsttasks compared to the use of graphics. Nevertheless, respondents
who startedwith the choice tasks inwords signiﬁcantlymore often
stated that choice tasks in words were most easy and clear (66.7%
and 58.7%) compared to respondents who started with the
graphical choice tasks (51.9% and 49.4%). At the same time,
respondents who started with the graphical choice tasks signiﬁ-
cantly more often stated that choice tasks in graphics were most
easy and clear (13.1% and 10.0%) compared to respondents who
started with the choice tasks in words (8.4% and 6.7%) (Table 1).
3.3. Consistency of choices
Overall, 13.1% of the respondents were consistent in all nine
choice tasks (i.e., they chose the same scenario in every choice task
in thewords and graphics part of the questionnaire). In total, 13.4%,
18.9%, 16.8% and 19.3% of the respondents provided one, two, three
or four inconsistent answers respectively. Additionally, 18.5% of
the respondents gave ﬁve to eight inconsistent answers. Finally,
one respondent answered inconsistently for all nine choice tasks.
When these results were stratiﬁed by order of presentation (i.e.,
whether respondents started with the choice tasks in words or
graphics) a signiﬁcantly higher number of inconsistencies was
found in the respondents who started with the choice tasks in
graphics (t = 21.26; p < .001) (Fig. 2).
3.4. Attribute level interpretation
In total, 77.0% of the respondents reported that they interpreted
the attribute levels in words according to their actual value, while
20.8% reported they categorized the attribute levels before
interpretation (e.g., low/intermediate/high or bad/intermediate/
good) (Table 1). With respect to the graphical attribute levels,
64.5% of the respondents reported that they interpreted the
attribute levels according to their actual value, and 31.1% reported
they used a categorizationmethod when interpreting the attribute
levels.
Within the words dataset, the vaccine effectiveness attribute
showed equal utility differences between all attribute levels (i.e.,
insigniﬁcant interaction term of the spline function), while for all
other attributes this was not the case. This was expected given the
ranges between the levels of all attributes included. However,
within the graphics dataset, all attributes except for protection
duration showed equal part-worth utilities between all attribute
levels.Total (%) Words ﬁrst (%) Graphics ﬁrst (%)
96.1 95.3 96.8
93.4 93.3 93.4
91.5 89.7 93.2
83.5 80.9* 86.0*
59.3 66.7** 51.9**
10.8 8.4** 13.1**
30.0 24.9 35.0
54.0 58.7* 49.4*
8.3 6.7* 10.0*
37.7 34.6 40.7
77.0 78.5 75.4
ation 20.8 19.4 22.2
64.5 66.7 62.2
ation 31.1 29.0 33.1
compared to respondents who answered graphic choice tasks ﬁrst, p<0.05.
compared to respondents who answered graphic choice tasks ﬁrst, p<0.001.
[(Fig._2)TD$FIG]
Fig. 2. Proportion of inconsistent answers stratiﬁed by respondents who started with the choice tasks in words or graphics.
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Since therewere no differences in the results between the panel
mixed-logit and the generalized mixed-logit models, we will only
present the results of the generalized mixed-logit models.
First, the variable that identiﬁed the use of either words or
graphics showed signiﬁcant interactions with all attributes except
for location of vaccine administration, thus using either words or
graphics to depict attribute levels signiﬁcantly inﬂuences attribute
level estimates. Second, including interaction terms between order
of presentation (i.e., words ﬁrst or graphics ﬁrst) and the attribute
levels, resulted in a signiﬁcant interaction with vaccine effective-
ness, the frequency of severe side effects and out-of-pocket costs.
Due to this ordering effect, all further models only included the
data concerning respondents’ ﬁrst set of choice tasks.
Third, when analyzing both datasets (either words ﬁrst or
graphics ﬁrst) separately, results were as expected: parents were
more willing to vaccinate their newborn when vaccine effective-
ness increases, frequency of severe side effects is lowest,
protection duration is longer than 1 year, and out-of-pocket
costs are lowest (Table 2). Parents did not report signiﬁcant
preferences for location of vaccine administration in the words
dataset, while in the graphics dataset the child welfare center was
preferred to the GP.With respect to the relative importance, in the
words dataset out-of-pocket costs were most important this was
followed by vaccine effectiveness, protection duration, and
frequency of severe side effects. In the graphics dataset the
frequency of severe side effects was most important, this was
followed by out-of-pocket costs, vaccine effectiveness, protection
duration, and location.3.6. Educational level and health literacy
Compared to lower educated respondents, respondents with a
high educational level reported signiﬁcantly more often that they
understood the choice tasks in words (t = 7.95) and graphics
(t = 8.07). They also reported signiﬁcantlymore often that both the
words (t = 7.65) and graphics (t = 5.92) choice tasks were clear to
them. These same results were found when comparing respon-
dents with a higher and lower health literacy score (respectively
b = 0.56, b = 0.40 and b = 0.48, b = 0.30) (Due to the
relatively low number of respondents with a low health literacy
score (1.3%) the sum score per respondent was used, and linear
regressions were performed). Higher educated responders were
signiﬁcantly more consistent in answering the choice tasks
compared to lower educated responders (t = 3.59). However,
both high-educated and low-educated respondents were signiﬁ-
cantly more consistent when answering the tasks in words ﬁrst
compared to respondents who answered the choice tasks in
graphics ﬁrst (respectively t = 12.56, t = 7.40). Although respon-
dents with a higher health literacy also showed a higher number of
consistent answers compared to respondents with a lower health
literacy, this difference was not statistically signiﬁcant (b = 0.03;
p = 0.30).
3.7. Participation probabilities
Table 3 shows estimated probabilities to participate in
different vaccine scenarios, separately for the words and
graphics dataset. Although the participation probabilities
based on both models show a high correlation (ICC = 0.94;
Table 2
Outcomes of the generalized mixed logit model separate for the words and graphics dataset.
Words dataset Graphics dataset
Attribute Estimate SE Estimate SE
Constant Mean 4.91*** 0.54 3.24*** 0.38
SD^ 3.66*** 0.54 2.11*** 0.40
Vaccine effectiveness 0.76*** 0.07 0.44*** 0.03
Frequency of severe side effects 1 in 1,000,000 (ref) 0.73*** 0.11 0.99*** 0.09
1 in 100,000 0.16*** 0.06 0.20*** 0.05
1 in 10,000 0.57*** 0.11 1.19*** 0.10
Protection duration 1 year (ref) 1.02*** 0.09 1.19*** 0.09
3 years 0.67*** 0.09 0.71*** 0.08
6 years 0.35*** 0.10 0.48*** 0.08
Location General Practitioner (ref) 0.06 0.05 0.09** 0.04
Child welfare center 0.06 0.05 0.09** 0.04
Out-of-pocket costs 0 Euro per year (ref) Mean 1.19*** 0.14 1.16*** 0.16
SD^ 1.25 1.21 1.09** 0.40
30 Euro per year Mean 0.66*** 0.13 0.25** 0.12
SD 0.60* 0.32 1.04*** 0.23
140 Euro per year Mean 1.85*** 0.22 1.41*** 0.23
SDa 1.10*** 0.25 0.31 0.26
Taub 1.67** 0.78 1.56 1.36
a Standard Deviation, only presented for the random parameters.
b Tau (t) is a measure of individual scale heterogeneity within our model.
* p<0.10.
** p<0.05.
*** p<0.001.
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model are generally lower compared to the probabilities based
on the words model. This is especially pronounced in the
scenarios with a short protection duration and a high frequency
[(Fig._3)TD$FIG]
Fig. 3. Changes in participation probabilities based on the words model (gray) and grap
scenario as calculated in table IV.of severe side effects. The change in participation probabilities
when the frequency of severe side effect increases was larger
based in the graphics dataset compared to the words dataset
(Fig. 3).hics model (black) when the frequency of severe side effects increase pre vaccine
Table 3
Participation probabilities for different vaccine scenarios separate for thewords and
graphics dataset.$*
Probabilities for
words dataset
Probabilities for
graphics dataset
Vaccine 1: Effectiveness 95%; 1 year protection; at CWC
s0+1 in 10,000 69.0 43.9
s0+1 in 1,000,000 77.3 72.7
s140+1 in 10,000 38.9 16.0
s140+1 in 1,000,000 50.9 41.6
Vaccine 2: Effectiveness 75%; 1 year protection; at CWC
s0+1 in 10,000 54.5 30.9
s0+1 in 1,000,000 64.8 61.2
s140+1 in 10,000 27.0 8.8
s140+1 in 1,000,000 38.5 30.5
Vaccine 3: Effectiveness 55%; 1 year protection; at CWC
s0+1 in 10,000 40.8 22.4
s0+1 in 1,000,000 50.7 49.9
s140+1 in 10,000 16.0 6.0
s140+1 in 1,000,000 25.7 19.9
Vaccine 4: Effectiveness 95%; 6 years protection; at CWC
s0+1 in 10,000 80.4 66.1
s0+1 in 1,000,000 86.8 87.8
s140+1 in 10,000 52.3 34.0
s140+1 in 1,000,000 65.3 66.9
Vaccine 5: Effectiveness 75%; 6 years protection; at CWC
s0+1 in 10,000 66.8 54.0
s0+1 in 1,000,000 76.8 79.8
s140+1 in 10,000 38.7 24.3
s140+1 in 1,000,000 50.6 52.7
Vaccine 6: Effectiveness 55%; 6 years protection; at CWC
s0+1 in 10,000 54.2 41.2
s0+1 in 1,000,000 63.3 70.6
s140+1 in 10,000 25.3 15.5
s140+1 in 1,000,000 37.4 40.5
Vaccine 7: Effectiveness 95%; 3 years protection; at CWC
s0+1 in 1,000,000 89.3 89.3
Vaccine 8: Effectiveness 55%; 1 year protection; at GP
s140+1 in 10,000 15.9 4.9
$ CWC is Child Welfare Center, GP is General practitioners’ ofﬁce.
* ICC 0.94, p<0.001 between probabilities calculated within the words and
graphics dataset.
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4.1. Discussion
This study shows that the way similar attribute levels are
presented, either in graphics or in words, affects the results of the
DCE. Themost prominent and relevant result is that, due to theway
of presenting attribute levels, the attribute level estimates and
thereby the relative importance of the attribute levels is affected.
Because of those differences, the estimated probabilities to
participate in vaccination differed between thewords and graphics
datasets.
Now the important question is raised which results are more
reliable, those elicited usingwords or using graphics? Respondents
who were presented with choice tasks in words ﬁrst showed
signiﬁcantly more consistent answer patterns compared to those
who started with the graphics choice tasks. This could have been
caused by the fact that the graphics were fairly unfamiliar to the
respondents thereby requiring greater cognitive processing before
they became meaningful and interpretable (while the aim of using
graphics is actually the opposite). However, in DCEs, especially on
health-related topics, the graphics that will be used are always
rather unfamiliar for respondents and respondents will be exposed
to the graphics immediately at the start of the questionnairewithout any option to ﬁrst practice the choice tasks in words.
Therefore, in this study consistency of choices was used as a proxy
for direct attribute level understanding, and these results suggest
that the use of words in choice tasks provided more accurate
responses than the use of graphics.
Moreover, the differences in attribute estimates and relative
importance between both datasets might be explained by how
respondents interpreted the attribute levels when displayed in
words or graphics. Although most respondents reported using the
actualnumerical valuesof theattribute levelswhen interpreting the
graphical attribute levels, the results of this study seem to indicate
otherwise. If the distance between the levels within an attribute
differs, the part-worth utility difference between those levels
should be higher for the two levels furthest apart [7–9]. This was
only observed in the results of the questionnaire that usedwords to
depict the attribute levels, and not in the graphics dataset. This
suggests that respondents interpreted the attribute levels as ordinal
utilities (e.g., low-medium-high or bad-average-good) when they
were presented in graphics. This simpliﬁcation in attribute level
interpretation is unwanted, because a numerically small risk might
be classiﬁed as the highest risk compared to the other levels within
the same attribute. If broad classiﬁcations instead of actual values
determine respondents’ choice, these preferences might not reﬂect
real life choices as accurately as intended.
The possible negative effects of attribute level recoding may be
further underlined by previous research stating that the use of
icons may overestimate importance of risk and willingness to pay
values [12,15,18,42]. The latter was also shown in the current
study. Compared to thewords dataset, within the graphics dataset,
the participation probabilities decreased to a greater extent when
the frequency of severe side effects increased. This has signiﬁcant
implications for the conclusions of a DCE and the estimated
tradeoffs between decision criteria [7–9].
Independent of educational level and health literacy, respon-
dents preferred choice tasks presented in words over choice tasks
presented in graphics. Moreover, they were more consistent in
their answers when they started with the choice tasks in words
compared to graphics. These ﬁndings are in contrast to expecta-
tions based on previous literature [12,13,15,16,18–22,24,36],
which may have to do with the amount of graphics respondents
had to process within the current study. Depicting one risk by
means of a graphic might enhance respondents’ understanding of
that risk, however if respondents have to compare multiple
graphics for risks and other characteristics, this might reduce the
comparability between concepts and thereby make it more
difﬁcult to decide [43]. While in the current study either solely
words or graphics were used for describing all attribute levels, it
should be tested whether the use of graphics for certain speciﬁc
attributes or as an add-on to a description in words would be
beneﬁcial. Although literature suggests that using both presenta-
tion options at once will not be beneﬁcial for respondents [42],
future research should be conducted to test whether respondents
will beneﬁt fromorwill be confused by using graphics as an add-on
to (some) attributes described in words. Such research might then
conclude whether the use of graphics should be further enhanced
or avoided in DCEs.
This study is subject to some limitations. First, the response rate
was 38.4%. Non-response is likely to be selective, however due to
conﬁdentiality agreements with Praeventis, no reminder letters
could be sent and no non-response analysis could be conducted.
Compared to the general Dutch population and in agreement with
other questionnaires and prior DCE’s, the current sample was
higher educated and included a lower number of individuals from
an ethnic minority. Since education and ethnicity are expected to
inﬂuence respondents’ capacity to interpret the graphics in this
DCE, and no gold standard is available, results might even
J. Veldwijk et al. / Patient Education and Counseling 98 (2015) 1376–1384 1383underestimate the true effect of using either words or graphics.
Analyzing the demographics of the respondents thatwere excluded
from the analyses due to missing data showed that, respondents
with >10% missing answers on the choice tasks had a signiﬁcant
lower health literacy status andmost often skipped the choice tasks
that used graphics (results not shown). This might indicate their
difﬁcultieswithunderstanding thegraphics thatwereused. Finally,
within this study only one graphic per attribute level could be
included. Although the process of selecting and designing the
graphics was very concise and thorough (i.e., based on literature,
expert opinion, and pilot testing), wewere not able to test whether
the graphics usedon this studyare thebest possible graphics for the
attribute levels they depicted. Future research should be conducted
to elaborate on sort and type of graphics that could be effective in
certain DCEs with speciﬁc health related topics.
4.2. Conclusion
In conclusion, results differ when using words or graphics to
present attribute levels in choice tasks. The use of words to depict
attribute levels was preferred by the respondents of this study.
Moreover, using words led to more consistent answer patterns,
more accurate attribute level interpretation and more accurate
attribute level estimates.
4.3. Practice implications
Currently, there are no clear guidelines on how to present a
choice task, and this has not been discussed in the ISPOR
(International Society for Pharmacoeconomics and Outcomes
Research) tasks force on good research practices for conjoint
analysis so far [44,45]. This study shows discrepancy in using two
alternative forms of presentation on study outcomes. If the reason
for using graphics is to improve respondents’ understanding of the
attribute levels, this study shows that graphics may not improve
understanding and could potentially gather false perceptions, also
not among lower educated and less literate respondents. Future
research on this topic is recommended in order to establish
guidelines on how to develop a valid presentation method for
attribute levels in the choice tasks of a DCE. Until such guidelines
exist, it is advised not to use only graphics to present the attribute
levels in a choice task. Additionally, if researchers decide to use
graphics, attribute level presentation should be incorporated in the
focus group phase of the designing stage of a DCE and should be
extensively pilot tested among the target population.
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